foliar spray (both adaxial and abaxial ABSTRACTleaf surfaces until droplets coalesced
Growth and development studies with seven vegetable crops in a controlled environment showed pot until some solution leaked from the that benomyl 5OWP was ineffective as a growth-promoting compound regardless of concentration pot) at 0, 25, 250, or 2,500 mg a.i. L-'. and method of application (foliar spray or a root drench). Although benomyl exhibited a peak in Each replicate consisted of one plant per stimulating chlorophyll synthesis in cucumber leaf disks at 1,000 mg a.i. L-' there was no senescence pot per benomyl treatment. The experi-(i.e., visible chlorosis and/or necrosis) retardation of leaf disks of the seven species floated on ment was conducted eight times. Plants benomyl solutions ranging in concentration from 0 to 2,500 mg L-1. Leaf disks floated on 2,500 mg were sprayed or roots drenched 14 days L-' showed earlier and more chlorosis and necrosis than the other treatments.
after planting for tomato, onion, and lettuce; 11 days after planting for bean, radish, and cucumber; and 9 days after Benomyl(Benlate50WP),acommercial The purposes of this study were to planting for sweet corn. Sweet corn, fungicide, has been referred to as a determine whether benomyl produced beanind rash plant wee harvsd cytokininlike compound (6,31,37) because growth and development effects in days after benomyl treatment, and it has been shown to retard chlorophyll several vegetable crops and to note tomato, onon, tue , and breakdown in excised oat leaves (33), to whether growth modifications, if any, were harvested 12 days after treatment.
maintain the green color of broccoli were cytokininlike in nature. (34) . Structurally, benomyl closely have occurred with both methods of sprayed with 0, 250, 2,500, 5,000, and resembles both kinetin and benzyladenine application (foliar spray and root drench) 10,000 mg UL 10 days after planting for (16, 31) . Cytokinins are known to be (15, 17, 20, 32, 35) ; however, few data exist bean, 11 days after planting for cucumber involved as "mediators, promoters or comparing the growth effects of the two and radish, and 14 days after planting for inhibitors of growth, are involved in cell methods to indicate whether there are division, and can retard senescence" (36).
differential effects on the leaf area, the after the benomyl spray treatment. Each Benomyl has been shown to decrease the production rate of leaves (plastochron replicate consisted of one plant per pot in growth of Papaver bracteatum (39), index), or the fresh or dry weights of each of two pots per benomyl treatment. onions (2,3), mushrooms (13), Agrostis various plant components. sativus L. 'Cherry Belle'), cucumber 1, 10, 25, 250, 500, 1,000, 2,500, and 5,000 cytokinin responses (4, 8, 24, 25, 30) .
(Cucumissativus L. 'National Pickling'), mg L'. Chlorophylls a and b were sweet corn (Zea mays L. 'Golden extracted separately and determined on a Accepted for publication 21 June 1985.
fresh-weight basis as described by 'Grand Rapids Forcing'), tomato (LycoFletcher et al (9) . Results are reported as
The publication costs of this article were defrayed in part by page charge payment. Thia article must therefore be p e r s i c o n e s c u / e n t u m M i 11 .
total chlorophyll a and b. The extraction hereby marked "advertisement' in accordance with 18 'Veemore'), and onion (Alilium cepa L.
was repeated twice with two subsamples U..C 1 3 sleytoidi at hi ac.'Im proved A utum n Spice'). per benom yl treatm ent per replicate.
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Benomyl 50WP was applied either as a Cytokininlike activity of benomyl was studied also using leaf disks (7 mm in RESULTS Table 4 . Concentration of chlorophyll a + b in diameter) from the unifoliolate leaves of Growth studies. In the studies with the National Pickling cucumber cotyledons bean, the first and second leaves of commercial rooting medium, no signifitreated with benomyl using the improved radish, the first leaf of cucumber, the cant differences resulted from the bioassay for cytokininsa second and third leaves of sweet corn, the benomyl foliar spray treatments in the Benomyl third and fourth leaves of lettuce, and the harvest parameters measured for any of treatment Chlorophylls a + b first and second leaves of tomato as well the plants investigated (Table 1) (Table 2) . Fresh 5,000 18.55 ±+ 6.27 lettuce) before leaf disks were removed, weight of the radish hypocotyl was a From Fletcher et al(9). The leaf disks were placed in petri dishes significantly reduced at 10,000 mg L-'. In bFresh-weight basis (mg g-'). Chlorophylls a containing benomyl at 0, 25, 250, or 2,500 tomato, leaf fresh weight was significantly and b were determined separately and then mg a.i. L-' and observed for eight decreased at 10,000 mg L-and leaf area combined for data presentation. consecutive days for the onset and was significantly decreased at 5,000 and amount of visible chlorosis and!/or 10,000mg L-'. There was no visible foliar necrosis. The experiment was conducted injury regardless of treatment. (Table 3) . Growth parameters for radish four times with 100leaf disks of each plant All plants showed some growth were not significantly affected by the root per petri dish and two petri dishes per modifications and injury caused by the treatments at 2,500 mg L-'. benomyl treatment per replicate for a root drench treatment at 2,500 mg I-', Cytokinin bioassay. With the increase total of 20 leaf disks of each plant per ranging from an inward curling of the in benomyl concentration, total chlorobenomyl treatment per replicate. Benomyl leaves to chlorotic and/or necrotic phyll content also increased (Table 4) , solutions in the petri dishes were changed flecking. Significant growth reductions peaking at 1,000 mg V-and then daily throughout the observation period, occurred for all plants except radish declining at 5,000 mg L-'.
When leaf disks were observed for the many different plants, and a range of Am. Soc. Hortic. onset of visible chlorosis and/ or necrosis, growth stages may serve to resolve the 19. Ormrod, D. P., Tingey, D. T., and Gumpertz, M. 1983. Covariate measurements for increasing the benomyl was found ineffective in apparent contradictions in the extensive precision of plant response to 03 and SO 2 .
retarding senescence in terms of both the literature on the effects of benomyl on researchers have reported this pattern of
